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(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To manufacture a MOS transistor having an 
inverted T-shaped gate electrode for causing no 
irregularity in characteristics and an LDD structure by 
controlling a length of a low concentration region 
according to a thickness of a second gate electrode 
material. 

CONSTITUTION: A gate electrode material 17 made of 
a polycrystalline silicon film formed by an ECR is 
different at etching speeds ten times or more on a flat 
part 23 and a sidewall 25. The polycrystalline silicon film 
of the sidewall 25 is selectively removed by etching to 
form a sidewall opening 27. Thereafter, arsenic of 
reverse conductivity type impurity to that of a 
semiconductor substrate 1 1 is ion implanted under the 
condition of ion implanting amount of 2><10-3cm-2, introduced into the substrate 11 through 
the opening 27 to form a low concentration region 29. Thus, an irregularity in the low 
concentration region can be reduced. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the manufacture approach of the MOS 
transistor which has the so-called LDD structure (Lightly DopedDrain) of having a high concentration 
field and a low concentration field in a drain field about the manufacture approach of an MOS transistor. 

[0002] 

[Description of the Prior Art] If channel length of an MOS transistor is shortened in order to improve the 
degree of integration of semiconductor integrated circuit equipment, the impregnation phenomenon of a 
hot carrier will become remarkable and will produce fluctuation of the threshold electrical potential 
difference of an MOS transistor. 

[0003] For this reason, by easing the electric field near the drain, as an approach of suppressing 
generating of this hot carrier, it is shallow in the junction depth near the gate electrode, and the LDD 
structure which moreover makes high impurity concentration lower than a drain is used. 
[0004] This LDD structure weakens the electric field near the drain by making a drain into the dual 
structure of low high impurity concentration and high high impurity concentration, and extending the 
depletion layer of a drain not only to a channel field but to the field of low high impurity concentration. 
[0005] As the manufacture approach of an MOS transistor of having LDD structure, it is proposed by 
the Provisional-Publication-No. No. 68776 [ 5 1 to ] official report, for example. The manufacture 
approach of a publication is explained to this official report using the sectional view of drawing 7 . 
[0006] As shown in drawing 7 , the gate electrode 35 is formed in the semi-conductor substrate 1 1, and 
the low concentration field 29 is formed in the semi-conductor substrate 1 1 of the field which this gate 
electrode 35 adjusted further. 

[0007] Then, the silicon oxide film which is an insulator layer is formed in the whole surface, anisotropy 
ion etching is performed and the sidewall 43 which becomes the side attachment wall of the gate 
electrode 35 from the silicon oxide film is formed. 

[0008] Then, the high concentration field 3 1 is formed in the semi-conductor substrate 1 1 of the adjusted 
field of this sidewall 43 and the gate electrode 35, and the MOS transistor which has LDD structure is 
formed. 

[0009] However, in the MOS transistor formed in the above-mentioned official report by the 
manufacture approach of a publication, the sidewall 43 which becomes the side attachment wall of the 
gate electrode 35 from an insulator layer is formed, and the low concentration field 29 is formed directly 
under this sidewall 43. 

[0010] For this reason, gate voltage is not impressed to the low concentration field 29, but this low 
concentration field 29 is resisting, a drain current becomes small, and there is a trouble that an MOS 
transistor property deteriorates. 

[001 1] Then, the MOS transistor equipped with the reverse T typeface gate electrode which extended 
some gate electrodes through gate dielectric film on the low concentration field of a publication in the 
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publication-number No. 204939 [ three to ] official report in order to solve this trouble is proposed. The 
manufacture approach of an MOS transistor of having the reverse T typeface gate electrode of a 
publication is explained to this publication-number No. 204939 [ three to ] official report using the 
sectional view of drawing 1 1 from drawing 8 . 

[0012] As first shown in drawing 8 , a conductivity type forms gate oxide 13 on the semi-conductor 
substrate 1 1 of P type, and forms the 1st gate electrode material 15 which consists of polycrystalline 
silicon film of 20-50nm of thickness. 

[0013] On this 1st gate electrode material 15, the natural oxidation film 39 with a thickness of l-3nm is 
formed. Then, 200-400nm of 2nd gate electrode material 17 which consists of a tungsten is formed. 
[0014] Then, a photopolymer 41 is formed in the whole surface and patterning of this photopolymer 41 
is further carried out to a predetermined configuration. 

[001 5] As shown in drawing 9 below, the 2nd gate electrode material 1 7 is etched into a mask for the 
photopolymer 41 which carried out patterning. Let the natural oxidation film 39 be an etching stopper at 
this time. Then, the photopolymer 41 used as an etching mask is removed. 
[0016] Then, it is the impurity of the N type of the semi-conductor substrate 1 1 and a reverse 
conductivity type lxl013-lxl014cm-2 In the amount of ion implantations of extent, it pours into the 
semi-conductor substrate 1 1, and the low concentration field 29 is formed. 

[0017] Next, as shown in drawing 10 , the silicon oxide film is formed in the whole surface, anisotropy 
ion etching is performed, and the sidewall 43 which becomes the side attachment wall of the 2nd gate 
electrode material 17 from the silicon oxide film is formed. 

[0018] Next, as shown in drawing 1 1 , the gate electrode 35 and a sidewall 43 are used as an etching 
mask, and the natural oxidation film 39 and the 1st gate electrode material 15 are etched. 
[0019] Then, it is the impurity of N type lxl015-lxl016cm-2 It introduces into the semi-conductor 
substrate 1 1 in the amount of ion implantations of extent, and the high concentration field 31 is formed 
in the semi-conductor substrate 1 1 of the field which the gate electrode 35 adjusted. This high 
concentration field 3 1 turns into the source drain field 37 of an MOS transistor. 

[0020] Then, heat-treat, destroy the natural oxidation film 39, and it is made to flow through the 1st gate 
electrode material 15 and the 2nd gate electrode material 17, and has the reverse mold gate electrode of 
T characters, and an MOS transistor equipped with LDD structure is formed. 
[0021] 

[Problem(s) to be Solved by the Invention] However, in the manufacture approach of the MOS transistor 
a publication, the natural oxidation film 39 is used for this publication-number No. 204939 [ three to ] 
official report as an etching stopper of the 2nd gate electrode material 17. 

[0022] Therefore, the etching approach that etching of the 2nd [ to the silicon oxide film which is the 
natural oxidation film 39 ] gate electrode material 17 has about 100-time big etch selectivity is needed. 
However, it is very difficult to be stabilized and to perform etching with such big etch selectivity. 
[0023] For this reason, at the time of etching of the 2nd gate electrode material 15, even the 1st gate 
electrode material 15 etches and dimension dispersion of a sidewall 43 becomes large. 
[0024] Consequently, dispersion in the die length of the low concentration field 29 will become large, 
and dispersion in an MOS transistor property will become large. 

[0025] The object of this invention solves the above-mentioned technical problem, has the gate electrode 
of the reverse T typeface which dispersion in an MOS transistor property does not generate, and is to 
offer the manufacture approach of an MOS transistor equipped with LDD structure 
[0026] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the manufacture 
approach of the semiconductor device of this invention adopts the process of the following publication. 
[0027] The manufacture approach of the semiconductor device of this invention forms gate oxide on a 
semi-conductor substrate. The process which forms the 1st gate electrode material, forms the mask film 
on the 1st gate electrode material, and forms opening in the mask film corresponding to a gate electrode 
formation field with a photoetching technique, The process which forms the 2nd gate electrode material 
by the electronic SAIKU roton resonance chemistry gaseous-phase method, The process which performs 
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overall etching of this 2nd gate electrode material, removes selectively the side-attachment-wall section 
of the 2nd gate electrode material, forms si de-attachment- wall opening, introduces an impurity into the 
semi-conductor substrate of the field which this side-attachment-wall opening adjusted, and forms a low 
concentration field, The mask film and the 1st gate electrode material are etched for the 2nd gate 
electrode material by using as a mask the process which forms the spreading film in opening of the mask 
film, and this spreading film. It is characterized by having the process which forms the gate electrode 
which has the reverse T typeface which consists of the 1st gate electrode material and the 2nd gate 
electrode material, introduces an impurity into the semi-conductor substrate of the field which the gate 
electrode adjusted, and forms a high concentration field. 
[0028] 

[Example] The example in this invention is explained using a drawing below. In the following 
explanation, the example which manufactures an N-channel metal oxide semiconductor transistor 
explains. Drawing 1 - drawing 6 are the sectional views showing the manufacture approach of the 
semiconductor device in this invention in order of a process. 

[0029] As first shown in drawing 1 , high impurity concentration is 2xl015cm-3. A conductivity type 
performs oxidation treatment of the semi-conductor substrate 1 1 of P type with the low high impurity 
concentration which is extent, and the gate oxide 13 which consists of silicon oxide film of 35nm of 
thickness is formed. 

[0030] Then, the 1st gate electrode material 15 which consists of polycrystalline silicon film of 200nm 
of thickness is formed by the chemical-vapor-deposition method (it is indicated as Following CVD) 
using the mono silane as reactant gas. 

[003 1] Then, thickness forms the mask film 19 which consists of silicon oxide film which is 400nm the 
whole surface on the 1st gate electrode material 15 with the CVD method which makes a mono silane 
and oxygen reactant gas. 

[0032] Then, a photopolymer (not shown) is formed by the revolution applying method the whole 
surface on this mask film 19, and opening 21 is formed in the mask film 19 by the so-called 
photoetching which is exposed using a photo mask, develops negatives, carries out patterning of the 
photopolymer, and etches the mask film 19 after that by using as an etching mask this photopolymer that 
carried out patterning. 

[0033] Then, the photopolymer used as an etching mask is removed. 
[0034] Next, as shown in drawing 2 , the 2nd gate electrode material 17 which consists of 
polycrystalline silicon film of 200nm of thickness is formed by the electronic SAIKU roton resonance 
chemical-vapor-deposition method (it is indicated as Following ECR) which makes a mono silane 
reactant gas. 

[0035] As shown in drawing 3 below, overall etching of the 2nd gate electrode layer 17 is performed 
using the mixed solution of fluoric acid and a nitric acid. 

[0036] In the flat-surface section 23 and the side-attachment-wall section 25 which show the 2nd gate 
electrode material 17 which consists of polycrystalline silicon film formed by ECR to drawing 2 , etch 
rates differ 10 or more times, etching clearance of the polycrystalline silicon film of the side-attachment- 
wall section 25 is carried out selectively, and the side-attachment-wall opening 27 is formed. 
[0037] The reason etch rates differ greatly is based on the reason indicated below in the 2nd flat-surface 
section 23 and side-attachment- wall section 25 in the gate electrode material 17 which consists of 
polycrystalline silicon film formed by this ECR. 

[0038] Using microwave, when the active species which participates in the film formation which 
plasma-ized the mono silane reaches the semi-conductor substrate 1 1 from an one direction, in ECR, a 
big difference arises in a film molding machine style in the flat-surface section and the side-attachment- 
wall section in the plasma generating interior of a room. For this reason, in the flat-surface section 23 
and the side-attachment-wall section 25, the membraneous qualities of the 2nd gate electrode material 
17 differ, and a big difference occurs in an etch rate. 

[0039] Then, it is arsenic which is the impurity of the semi-conductor substrate 1 1 and a reverse 
conductivity type Amount of ion implantations 2xl013cm-2 An ion implantation is performed on 
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conditions, it introduces into the semi-conductor substrate 1 1 through the side-attachment-wall opening 
27, and the low concentration field 29 is formed. 

[0040] Next, as shown in drawing 4 , polymethylmethacrylate is formed in the whole surface by the 
revolution applying method as spreading film 33, and a front face forms the spreading film 33 which has 
an almost flat configuration. 

[0041] Then, by the anisotropy ion etching method which makes oxygen reactant gas, the spreading film 
33 is etched until the front face of the 2nd gate electrode material 17 is exposed. 
[0042] Consequently, in the opening 21 of the mask film 17, it forms so that the spreading film 33 may 
be embedded. 

[0043] As shown in drawing 5 below, the 1st gate electrode material 15 is further etched and removed 
with the 2nd gate electrode material 17 and the mask film 19 by using as an etching mask the spreading 
film 33 formed in opening 21. 

[0044] Then, it is arsenic which has the semi-conductor substrate 1 1 and a reverse conductivity type 
with ion-implantation Amount of ion implantations 4xl015cm-2 On conditions, it introduces into the 
semi-conductor substrate 11, and the high concentration field 31 is formed. 
[0045] Next, as shown in drawing 6 , the spreading film 33 is removed, it consists of the 1st gate 
electrode material 15 and the 2nd gate electrode material 17, and the gate electrode 35 which has the 
cross-section configuration of a reverse T typeface is formed. 

[0046] Although not illustrated after that, the interlayer insulation film which consists of silicon oxide 
film which added Lynn with the CVD method is formed. The impurity which furthermore heat-treated in 
nitrogen-gas-atmosphere mind with a temperature of 950 degrees C, and was introduced by the ion 
implantation is activated. Form a catching hole in an interlayer insulation film by photoetching, form the 
wiring material which consists of an aluminum silicon alloy by the sputtering method, and wiring is 
formed by photoetching. The MOS transistor which a cross-section configuration has the gate electrode 
of a reverse T typeface, and equips with LDD structure is obtained. 

[0047] In addition, in the above explanation, although the example using the silicon oxide film as mask 
film explained, if it is a different ingredient from the 2nd gate electrode material, it is usable as mask 
film. 

[0048] Furthermore, as spreading film, besides polymethylmethacrylate, if front faces, such as other 
organic polymeric materials, a photopolymer, and spreading glass membrane, are the ingredients which 
can be formed in an almost flat configuration, it is applicable as spreading film. 
[0049] 

[Effect of the Invention] In the manufacture approach of the semiconductor device of this invention, the 
die length of a low concentration field is clearly controlled by the above explanation by the thickness of 
the 2nd gate electrode material. Therefore, dispersion in a low concentration field becomes small, it has 
the gate electrode of the reverse T typeface which dispersion in an MOS transistor property does not 
generate, and an MOS transistor equipped with LDD structure is obtained. 



[Translation done.] 
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